Introduction
============

Diabetes is a multiorgan disease that affects many types of connective tissues, including bone and cartilage.[@b1-cmed-9-2016-001],[@b2-cmed-9-2016-001] Furthermore, diabetes causes particular skeletal changes that are more likely in patients with diabetes than in patients without diabetes.[@b1-cmed-9-2016-001] Prolonged and frequent complications of diabetes include diabetic neuropathy, with symptoms such as pain and sensory and motor deficits in the legs.[@b3-cmed-9-2016-001]

Lumbar stenosis is caused by vertebral space reduction, which can be due to new bone formation or hypertrophic tissue changes. The process usually begins with water loss or reduction in water content, followed by hard disk protrusion into the fiber loop.[@b4-cmed-9-2016-001] In other words, changes in the intervertebral disk play a primary role in the pathophysiology of lumbar canal stenosis.[@b5-cmed-9-2016-001] Age-related changes in the cartilage matrix in patients with diabetes are different from the changes in healthy subjects.[@b6-cmed-9-2016-001] These changes may lead to faster disk degeneration in patients with diabetes. In some studies, significant differences were observed in the incidence of diabetes in patients who have spinal stenosis compared with the degenerative disk disease. For example, in one study, 28% of patients with spinal stenosis had diabetes compared with 12.1% of patients who had degenerative disk disease.[@b7-cmed-9-2016-001]

Additionally, diabetes causes the ossification of the posterior longitudinal ligaments and bone, which leads to spinal stenosis and nerve pressure.[@b8-cmed-9-2016-001] Therefore, diabetes can be considered a risk factor for spinal stenosis, although the mechanism of the risk for spinal stenosis in patients with diabetes is not well defined. This suggests an association between diabetes mellitus and other spinal disorders and metabolic bone diseases, such as Paget's disease, diffuse idiopathic skeletal hyperostosis, and stenosis.[@b9-cmed-9-2016-001] It is also observed that patients without diabetes respond better to stenosis surgery.[@b2-cmed-9-2016-001]

On the other hand, studies have shown that diabetes is more prevalent in patients who undergo lumbar disk surgery compared with patients who undergo other surgeries. In fact, approximately 13% of patients who undergo lumbar disk surgery were diagnosed with diabetes, whereas the prevalence of diabetes in the same population generally was approximately 8%.[@b10-cmed-9-2016-001] Diabetic microangiopathy might affect the nutrition of the spine and lead to disk degeneration.[@b11-cmed-9-2016-001]

With the increasing occurrence of diabetes and the similarity of symptoms of spinal stenosis and diabetic neuropathy, one growing problem in the medical care of these patients is the lack of timely detection of stenosis, which causes several complications. Because adequate studies have not been conducted in this area and information about the status of diabetes in patients with stenosis is not available, this case--control study is the first prospective study to determine the prevalence and association of diabetes in patients with spinal stenosis and lumbar disk herniation and the relationship of diabetes with these diseases in patients who were referred to our clinic during 2012--2014.

Methods
=======

The study was approved by the local institutional ethics committee (Code:IR.MAZUMS.REC.94.513). Informed consent was obtained from each patient. This research was conducted in accordance with the principles of the Declaration of Helsinki.

This study was performed during 2012--2014, 700 patients attended our clinic with back pain during that time. The selected study population comprised 110 patients suffering from lumbar spinal stenosis and 110 patients with lumbar disk herniation, who were diagnosed using clinical and radiological evidences, as well as 110 participants without clinical signs of degenerative diseases of the lumbar spine, who served as the control group for the study.

For the sake of consistency, rigid criteria were set for the diagnosis of the medical conditions addressed in this study. Two diagnostic criteria were used for spinal stenosis. The first criterion was neurological claudication for at least three months with normal dorsalis pedis and posterior tibial circulation. The second criterion was magnetic resonance imaging (MRI) evidence of a central spinal canal diameter of less than 9 mm. Criteria for the diagnosis of lumbar disk herniation were back pain with radiculopathy that was present for at least three months and MRI evidence of degenerative disk disease. After completing a thorough history and determining demographic characteristics, diagnostic tests were performed. Criteria for diagnosis of diabetes in the subjects were fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L), or in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, random plasma glucose ≥ 200 mg/dL (11.1 mmol/L), or HbA1c ≥ 6.5%. In the absence of unequivocal hyperglycemia, the results were confirmed by repeat testing. HbA1c tests were performed in a laboratory using a method that is NGSP certified and standardized to the diabetes control and complications trial assay. Subjects with previously diagnosed diabetes and instituted treatment were also classified as diabetic for the purpose of this study.

Because of associated complications and the effects of anesthetic drugs, all the patients entered the study before surgery.

Exclusion criteria included age ≥ 80 years, body mass index ≥ 30, and a history of spinal surgery, diabetogenic drugs (eg, corticosteroid) at least three months before the study, systemic and inflammatory disorder, and smoking.

The control group was selected from 390 lumbar MRI results, reviewed by a radiologist and a neurosurgeon. From these, 110 patients without any evidence of lumbar disk degeneration or lumbar stenosis were selected. This control group was matched with the case groups according to age (±5 years) and sex. Then, they were invited to the clinic for a diabetes follow-up. The control group patients were assessed for risk factors that include genetic factors, occupational exposures, and physical activity; however, the results were incongruous. There was no obvious association with smoking, alcohol, or hormone therapy use.

Statistical analysis
--------------------

The collected data were subjected to statistical analysis using SPSS version 16. Chi-square and Fisher's exact tests were used, with the significance level set at *P* ≤ 0.05. Multinomial logistic regression analysis was performed to determine the prognostic role of diabetes on developing lumbar disk herniation and lumbar spinal stenosis, and this analysis was also used to determine the effect of diabetes status on the likelihood of lumbar disk herniation or lumbar spinal stenosis in each gender.

Results
=======

A total of 330 patients were enrolled; 96 patients (29.1%) were male, and 234 (70.9%) were female. Thirty-two patients in each group were male, and 78 patients were female. The mean ages of the lumbar spinal stenosis, lumbar disk herniation, and control groups were 53 ± 6, 42 ± 5, and 50 ± 3 years, respectively.

Patients were divided into three groups according to age (\>60, 50--60, and \<50 years). Subgroup analysis showed that the prevalence of diabetes in the three age groups in patients with spinal stenosis was greater than that in the control and lumbar disk herniation groups ([Table 1](#t1-cmed-9-2016-001){ref-type="table"}).

A total of 50 patients (15.2%) were diagnosed with diabetes. The number of patients with diabetes were 32 (29.1%) and 7 (6.4%) in the stenosis and lumbar disk herniation groups, respectively. Eleven patients in the control group were diagnosed with diabetes (10%; [Table 2](#t2-cmed-9-2016-001){ref-type="table"}). This difference was statistically significant (*P* ≤ 0.0001).

Multinomial logistic regression analysis to determine the prognostic role of diabetes for the development of lumbar disk herniation and canal stenosis is shown in [Table 3](#t3-cmed-9-2016-001){ref-type="table"}. Diabetes increases the risk of developing canal stenosis to 3.7 times higher than that in the control group (odds ratio: 3.7; confidence interval: 1.8--7.8).

Diabetes is found to be a statistically significant independent risk factor for lumbar spinal stenosis (*P* = 0.001). This analysis also demonstrates that diabetes is not a predictor for lumbar disk herniation (*P* = 0.329).

Accordingly, among female subjects, diabetes was found to be a statistically significant independent risk factor for lumbar spinal stenosis (*P* \< 0.0001). This analysis also demonstrated that in the female group, diabetes is not a predictor for lumbar disk herniation (*P* = 0.57). Diabetes was not a significant factor for lumbar spinal stenosis or lumbar disk herniation in the male group ([Table 4](#t4-cmed-9-2016-001){ref-type="table"}).

Discussion
==========

Diabetes is a multiorgan disease that affects many types of connective tissues, including bone and cartilage.[@b1-cmed-9-2016-001],[@b2-cmed-9-2016-001] In this cross-sectional study, we determined that diabetes in patients with symptomatic spinal stenosis is more common than in those with lumbar disk herniation or in a control group.

Sakellaridis[@b10-cmed-9-2016-001] reported that patients operated on for lumbar disk disease have a statistically significant increased incidence of diabetes mellitus compared with similar patients operated on for other reasons. They showed that the incidence of diabetes mellitus was 32% in the patients who underwent surgery and 13% in those who did not, and the authors stated: "Diabetes mellitus seems to be a predisposing factor for the development of significant lumbar disc disease that needs to be operated." In our study, prevalence of diabetes in the lumbar disk herniation group (6.4%) compared with the control group (10%) did not show a statistically significant difference (*P* ≤ 0.325). This difference can be explained because our patients were assessed before any procedure for lumbar disk disease and were not affected by surgical complications and related medications.

Our comparison of the prevalence of diabetes between the stenosis group and the control group found a statistically significant difference (29.1% vs. 10%, *P* ≤ 0.0001). Patients were divided into three groups according to age (\>60, 50--60, and \<50 years). Subgroup analysis showed that in all the three age groups, the prevalence of diabetes in patients with spinal stenosis was greater than in the control and lumbar disk herniation groups ([Table 1](#t1-cmed-9-2016-001){ref-type="table"}).

Impacts on the prognosis of patients with diabetes mellitus who undergo spinal fusion procedures, spinal canal stenosis surgery, and disk herniation surgery are frequently studied. In addition to an increased risk of postoperative infection and related medical complications, the poorer prognosis with respect to symptoms in patients with diabetes compared with patients without diabetes has been shown to improve after surgery. Additionally, patients with diabetes have reported a greater pain score visual analog scale (VAS) than patients without diabetes who previously had surgery.[@b11-cmed-9-2016-001]

In a study on the effect of diabetes on lumbar spine surgery with 173 patients who underwent lumbar disk herniation or spinal stenosis, Takahashi et al found that postoperative pain in patients with diabetes was more than in patients without diabetes (*P* = 0.013); complications after fusion surgery were similar in patients with and without diabetes (*P* = 0.095).[@b12-cmed-9-2016-001]

Previously, in another study by Lotan et al, the relationship between stenosis and systemic disease was investigated using records from 537 patients with spinal stenosis. The results showed that 13.6% of the patients had diabetes, 23.2% had hypertension, 11.9% had ischemic heart disease, and 4.4% had hyperlipidemia. The prevalence of diabetes in the general population is approximately 5.9% and hypertension is approximately 7.8%. In the studied stenosis patients, the rates of these diseases were significantly greater than that in the general population.[@b13-cmed-9-2016-001]

Uesugi et al investigated the relationship between stenosis and comorbidities present in 526 patients with stenosis. The results showed that there were significant associations between diabetes and high blood pressure with spinal stenosis (*P* \< 0.05).[@b14-cmed-9-2016-001] However, we prospectively studied patients using the same design (110 patients with stenosis and 110 patients with disk degeneration). Moreover, in this study, we used an equal number of patients in the control group (without diabetes and with no stenosis or lumbar disk), which adds value to the study. Diabetes incidence was 29.1% in the spinal stenosis group, 10.0% in the control group, and 6.4% in the lumbar disk herniation group, and this difference was statistically significant (*P* \< 0.0001).

Anekstein et al found that 28% of patients with stenosis had diabetes (*P* \< 0.001). We used HbA1c for the diagnosis of diabetes to decrease mistaken diagnoses, and this is a point of strength of our study, which may have caused the difference between results (28% vs. 29.1%). In the study by Anekstein et al, the prevalence of diabetes increased with age, such that 18.2% of those under age 50 years, 16.7% of those between 50 and 60 years, and 33.3% of those older than 60 years had diabetes.[@b7-cmed-9-2016-001] In our study, subgroup analysis showed that the prevalence of diabetes in patients with spinal stenosis for all the three age groups was greater than in the other two groups (control and lumbar disk herniation). However, the view that both diabetes and degenerative stenosis also occur later in life is justified.

Diabetic neuropathy is one of the differential diagnoses to rule out spinal stenosis symptoms and may be, in some cases, an improper diagnosis of spinal stenosis. This misdiagnosis can be improved by electrodiagnostic studies that differentiate these conditions. However, in this study, patients with neurogenic claudication symptoms were evaluated based on accurate clinical findings and confirmed by precise imaging. We did not use electrodiagnostic findings to prove the spinal stenosis diagnosis.

Limitations
===========

It is a limitation of this study that the discopathy group was younger than the other two groups, with too few participants in the \>60 age group, which might bias the diabetes prevalence assessment. Spinal stenosis, compared with lumbar disk herniation, occurred in older patients. Therefore, it is possible that the length of time needed for the effect of diabetes as a causative factor for spinal stenosis increases with age. If this is the case, we can evaluate the effects on the spine in high-risk patients at the time of diabetes diagnosis.

Another limitation of this study was poor correlation of the control group. We investigated 390 people to find 110 volunteers for the control group. We did not investigate the duration of diabetes and the type of diabetes treatment.

Accordingly, among female subjects, diabetes was found to be a statistically significant independent risk factor for lumbar spinal stenosis (*P* \< 0.0001). This may be due to our selected bias that the number of our female subjects was greater than the number of male subjects.

Against these limitations, our study is the first prospective study in this area, and the use of HbA1c for the detection of diabetes increases the accuracy of our study. Although this small group of patients confirms an already well-noted relationship between diabetes mellitus and lumbar spinal stenosis, perhaps some further patients and pathological collections could help elucidate the pathophysiology of this association.

Conclusions
===========

There is an association between diabetes and lumbar spinal stenosis. Diabetes mellitus may be a predisposing factor for the development of lumbar spinal stenosis.

Diabetes type (1 or 2), hereditary factors, drug and insulin medication, the quality of treatment, and HbA1c from the time of diabetes diagnosis are all factors that could be considered a guide for future studies to seek a more scientific basis for understanding how diabetes possibly affects the structure of the spine, results in stenosis, and causes clinical symptoms. This information can aid in preventing this debilitating process. It is necessary to investigate the molecular effects of diabetes on spinal column structure (ligamentum flavum, facet joint, disk, etc.) in patients with spinal stenosis.
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###### 

Prevalence of diabetes in three groups of study according to age.

  AGE GROUP          GROUP       TOTAL                    
  ------------------ ----------- ------------ ----------- -----------
  \<50                                                    
   Non diabetic                                           
    Count            28          79           30          137
    % within group   87.5%       92.9%        88.2%       90.7%
   Diabetic                                               
    Count            4           6            4           14
    % within group   **12.5%**   **7.1%**     **11.8%**   **9.3%**
   Total                                                  
    Count            32          85           34          151
  50--60                                                  
   Non diabetic                                           
    Count            28          15           37          80
    % within group   66.7%       100.0%       92.5%       82.5%
   Diabetic                                               
    Count            14          0            3           17
    % within group   **33.3%**   **00.00%**   **7.5%**    **17.5%**
   Total                                                  
    Count            42          15           40          97
  \>60                                                    
   Non diabetic                                           
    Count            22          9            32          63
    % within group   61.1%       90.0%        88.9%       76.8%
   Diabetic                                               
    Count            14          1            4           19
    % within group   **38.9%**   **10.0%**    **11.1%**   **23.2%**
   Total                                                  
    Count            36          10           36          82

**Abbreviation:** LSS, lumbar spinal stenosis.

###### 

Prevalence of diabetes in three groups of study.

  GROUP                    PATIENTS    TOTAL       
  ------------------------ ----------- ----------- --------
  Control                                          
   Count                   99          11          110
   % within group          **90.0%**   **10.0%**   100.0%
  LSS                                              
   Count                   78          32          110
   % within group          **70.9%**   **29.1%**   100.0%
  Lumbar disk herniation                           
   Count                   103         7           110
   % within group          **93.6%**   **6.4%**    100.0%
  Total                                            
   Count                   280         50          330
   % within group          84.8%       15.2%       100.0%

###### 

Multinomial logistic regression analysis to determine the prognostic role of diabetes on developing lumbar disk herniation and lumbar spinal stenosis.

                                                 COEFFICIENTS   ODDS RATIO   95.0% CI FOR ODDS   *P*-VALUE   
  ---------------------------------------------- -------------- ------------ ------------------- ----------- -------
  Diabetes in the LSS group                      1.306          3.69         1.75                7.79        0.001
  Diabetes in the lumbar disk herniation group   −0.228         0.612        0.228               1.64        0.329

**Abbreviation:** LSS, lumbar spinal stenosis.

###### 

Multinomial logistic regression analysis to determine the prognostic role of diabetes grouped by sex.

                                                  COEFFICIENTS   ODDS RATIO   95.0% CI FOR ODDS   *P*-VALUE   
  ----------------------------------------------- -------------- ------------ ------------------- ----------- --------------
  Male                                                                                                        
   Diabetes in the LSS group                      0.323          1.381        0.283               6.734       **0.690**
   Diabetes in the lumbar disk herniation group   −1.165         0.312        0.031               3.179       0.325
  Female                                                                                                      
   Diabetes in the LSS group                      1.589          4.9          2.1                 11.6        \<**0.0001**
   Diabetes in the lumbar disk herniation group   −0.316         0.729        0.241               2.2         0.577

**Note:** Statistical significance was set at a likelihood value less than 0.05.
